Figure 1. Differentiating the main attributes that characterize beers has application in quality monitoring and preventing food fraud.

Figure 2. The diffuse-light absorption spectroscopy setup using optical fiber technology. VIS: Visible. NIR: Near-IR.
covered the principal 'styles' of beers, with top-fermented (e.g., golden ale, dark ale, weiss), bottom-fermented (e.g., lager, doppelbock, Mexican), and spontaneously fermented (e.g., golden and cherry lambic) varieties, with different colors and alcoholic strengths ranging from 0.5 to 11% by volume.
We analyzed the entire collection using both conventional optical measurements and a custom instrument setup for diffuselight absorption spectroscopy in the visible and near-IR bands, consisting of an integrating sphere and optical fiber spectrometers (see Figure 2) . The advantage of this arrangement is that the measured absorption is independent of any scattering (due to suspended particles in the samples), and so unaffected by the natural turbidity of the beer, which can instead confuse traditional absorption spectroscopy. To complete the optical characterization of the beer collection, we also measured other physical parameters such as turbidity and refractive index using standard optical instruments. Essentially, the diffuse-light absorption spectroscopy provided information about color (the visible band) and alcohol content (the near-IR band), 2 while the turbidimetry and refractometry yielded an indication of the
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cloudiness of the beer and its Brix value (a measure of the sugar content of an aqueous solution, commonly assessed with a refractometer to monitor the progress of fermentation). 3 From the scattering-free near-IR spectra (see Figure 3) we obtained a straightforward prediction of alcohol content by applying partial least squares (PLS) regression, a widely used technique for predicting quantitative variables in a multicomponent mixture. 4 We first calibrated the PLS model using 48 randomly selected beers, and then tested a validation model on the 38 remaining beers. The results (see Figure 4 ) confirm that our novel optical setup can be used for continuous online monitoring of alcohol content during beer production, without being confounded by variations in turbidity.
We also combined the scattering-free visible and near-IR data together with the turbidity and refractive index values to create a data matrix, and processed this by principal component analysis (PCA), a standard method for data dimensionality reduction and exploratory analysis. 5 The procedure successfully grouped the beers in the collection according to their fermentation method and color: see Figure 5 (left). Because these are two key traits characterizing individual varieties, this indicates that optical technologies can be used to differentiate among classes of beers. Finally, since half of the beers were typical Belgian beers, we also applied linear discriminant analysis 6 (LDA)-a common classification technique-to the optical data, and found that it successfully distinguished the Belgian beers from all the others: see Figure 5 (right).
In summary, optical methods combined with multivariate data analysis proved effective in classifying beers according to their main distinguishing attributes, such as the alcohol content, the type of beer, and its country of origin. This suggests that optics offers a straightforward method for monitoring beer quality indicators during production, as well as for authentication in food fraud prevention. Following up on these findings, we are currently working on implementing a prototype for online analysis, capable also of monitoring nutraceutical indicators such as carbohydrates and vitamins during production.
